Abstract Organic fertilizers (manures and slurries) applied repeatedly over many cropping seasons favourably influence nutrient recycling, maintenance of soil organic matter (SOM), and improve soil quality parameters such as soil aggregation and porosity. These aspects are particularly relevant in Mediterranean environments characterized by low SOM. This study was set up in a subhumid Mediterranean area where two different trials, devoted to winter cereals, were fertilized with dairy cattle manure (DCM) or pig slurry (PS) for a period of 12 years. One objective of this research was to evaluate the impacts of these fertilization practices on aggregate stability and SOM fractions, when compared with a mineral N fertilizer and a control (no-N) treatment. Porosity and pore shape were also studied in PS plots. The use of DCM significantly increased water stable aggregates by up to 16.4-18.0 %. Slurry addition did not affect aggregation but it increased the area occupied by pores [65 lm. Soil organic carbon (SOC) and light organic fraction (0.05-0.2 mm) increased with DCM incorporation but in PS treatments the SOC increment was non-significant. Data from DCM and PS together showed a positive and significant linear relationship between SOC (p \ 0.05, R 2 = 0.60), SOC light fraction (p \ 0.01, R 2 = 0.75) and SOC light fraction at 0.05-0.2 mm size (p \ 0.01, R 2 = 0.83), with water-stable aggregate. The use of animal residues (DCM or PS), applied according to an N criterion, increased available phosphorus and potassium soil content while improving yields. The enrichment of soil nutrients with DCM and PS use requires further research in order to avoid potential environmental impacts.
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Introduction
Soil amendment with organic fertilizers of animal origin is a common habitual practice in order to improve soil fertility and productivity, particularly in agroecosystems with naturally low organic matter content which are very susceptible to soil degradation. The improvement of management practices to maintain or even to increase soil organic carbon (SOC) is of great interest as SOC losses are a hazard to soil quality and productivity (Jones et al. 2012) . Pig (Sus scrofa domesticus) slurry (PS) is rich in N, and ammonium-N accounts for around 75 % of it (Yagüe et al. 2012a) . It also has a low organic carbon content (C:N ratio ranges between 4 to 8) in contrast to solid dairy cattle (Bos taurus) manure (DCM) (C:N ranges between 10 to 25). These organic materials are also quite different in terms of dry matter (DM) and N forms which may have different influences on microbial activity and chemical changes in soil (Ndayegame and Cotê 1989; Velthof et al. 2000) . When organic residues with a low C:N ratio are incorporated into soil, microorganisms have sufficient N for protein metabolism but not enough C as an energy source. Then, the microbial oxidation of native soil organic matter will occur (Trolldenier 1975) . Other studies suggest that a C:N ratio of manures [15-19 results in net N immobilization (Van Kessel et al. 2000; Calderon et al. 2005) , which affects its crop availability. Nevertheless, soil chemical alterations that occur due to manure incorporation are strongly influenced by soil texture, precipitation, quantity of manure applied and time between application and sampling (Choudhary et al. 1996) .
The most common criterion used in trials on organic fertilizers is how well they substitute for N mineral fertilizers. Other aspects, such as the improvement of soil physical properties, are very frequently neglected. Long term effects of fertilization practices on aggregate stability and soil organic carbon have been studied. However, few articles have focused on aggregate stability according to the nature of the organic matter applied (Whalen and Chang 2002; Yagüe et al. 2012b; Wang et al. 2014) .
Soil aggregate stability is important for several ecosystem functions, such as water infiltration, reduction of erodibility and runoff, aeration for plant growth (Kemper and Rosenau 1986) , and physical protection of soil organic matter (SOM) (Tisdall and Oades 1982) . Disintegration of macroaggregates by ''slaking'' associated with the fast wetting process caused by penetration of water into soil dry aggregates, is the main destabilizing factor in rainfed soils (i.e. dry bare soil) in Mediterranean conditions. Dairy manure fertilization can improve soil aggregate stability against slaking, also it controls dissolution and dispersive actions (Nyamangara et al. 1999; Paré et al. 1999) . As soil structure is the combination of different types of pores with solid particles (aggregates), characterization of the pore system is also interesting because many physical properties which are relevant in agronomic functions, are determined by the size distribution and shape of pores (Pagliai and Antisari 1993) .
In rainfed Mediterranean conditions, it is not well known how the long-term management of organic fertilizers affects soil quality parameters, particularly in terms of organic carbon fractions (heavy and light fraction), aggregate stability (mainly regarding the slaking disaggregation process) and porosity. Furthermore, only long-term experiments allow the required precision in the evaluation of changes in soil quality and their impacts on crop productivity (Peterson et al. 2012) . A recent meta-analysis by Maillard and Angers (2014) on manure application and SOC stocks emphasized the need to further investigate the long-term impact of manure according its characteristics in relation to the animal species of origin.
Soil organic matter is considered the primary binding agent responsible for improving aggregate stability in microaggregates (\250 lm) and macroaggregates ([250 lm) (Tisdall and Oades 1982) . The light fraction of SOM is sensitive to changes in management practice (Bremer et al. 1994) and it is considered to represent an early indicator for determining the long term impacts of management techniques on soil quality (Leifeld and Kögel-Knabner 2005) . Shukla et al. (2006) concluded that if only one soil attribute is used for monitoring soil quality changes every 3-5 years, SOC should be selected.
Organic fertilizer is usually applied to cover crop N needs. This criterion can enhance soil P build-up. Much of this phosphorus is bound in soil in less available forms, but some may be lost to the environment where it can contribute to the eutrophication of water bodies (Toth et al. 2006) . This occurs because the N:P ratio in manure is narrower than the N:P ratio of nutrient demand by most crops.
Site-specific optimization of soil performance is included in the criteria for sustainable soil-use, a forefront of the agricultural policies in the European Union, framed by the thematic strategy for soil protection and ongoing activities. The EU trend is to widen research on factors such as land use, preservation of SOM and more efficient use of resources such as manure (COM 2012) . The evaluation of soil quality and soil-use sustainability should support the synergies between local soil-use practices and regulatory conditions, land use and policy planning (Tóth et al. 2007) . The appraisal of these soil-use fertilization practices must be done on a long-time scale.
Long-term experiments were initiated in a subhumid rainfed Mediterranean area of NE Spain in order to monitor the effects of organic (manure and slurry) and mineral fertilizers on crop productivity. We hypothesized that manure and even PS with low OM content may improve soil quality. The parameters chosen for study were aggregate stability, organic matter fractions (heavy and light) and soil fertility. In PS plots, due to the low OM content of slurries preliminary research on porosity was done through thin section methodology. The selected fertilization practices to be studied were associated with the highest yields and the accomplishment of the EU nitrate directives (European Union 1991) in the area. At the start of the experiment, the maximum amount of N applied in organic fertilizers was 210 kg N ha 
Materials and methods

Soil and climate description
The experiments were established in 2001 (La Tallada d'Empordà, Girona, NE Spain). (Soil Survey Staff 1999) . The field has a gentle slope, so that the aquic character (saturation of the surface in most years) was more relevant in the bottom part of the field.
The area has a dry Mediterranean climate according to Papadakis' classification (MAPA 1989) . The annual average temperature is 15.8°C and summer temperatures are high (on average 23.0°C). Average annual precipitation is 602 mm. Potential evapotranspiration is also high, based on Thornthwaite's equation (*827 mm year
). Most rain falls in autumn with important storm events in September-October-November, which can cause runoff if the soil is bare (Fig. S1 ).
Description of the experiment
The experimental field was cropped with a rotation of wheat (Triticum aestivum L.) and barley (Hordeum vulgare L.) during the experimental period 2001/02 to 2012/13. The standard rotation was wheat-barleybarley. The field was annually sown in NovemberDecember and harvested in late June-early July. During each cropping season, conventional tillage management (main tillage with mouldboard plough or disc-harrow between 0.20 and 0.25 cm depth) were employed. The straw was removed from fields according to farmers' practice. The stubble was incorporated during summer time.
Two experimental trials were established in the same field. The experiment with cattle manure (DCM) was located in the upper part of the field and the experiment with pig slurry (PS) was located at the bottom. Both locations were representative of soil conditions in the area. In both trials DCM and PS were applied before sowing. The trials included treatments with mineral N fertilization (MF) at sidedressing. Treatments in the DCM trial consisted of a control (named 0-0 DCM ; no-N addition), mineral N rate of 40 kg N ha Table S1 .
In each plot, rates of animal residues were adjusted by weighing the manure and the slurry applied. The average annually applied rate was 22.5 ± 8.0 t ha -1 (±SD) in the DCM trial, which equalled a total average of N applied of 189 ± 101 kg N ha -1 . In the PS trial, the average slurry rate was 47.3 ± 13.7 t ha -1 , which equalled a total average of N applied of 187 ± 108 kg N ha -1 . The average values of total N applied were between the limits of 170 and 210 kg N ha -1 year -1 . At the start of the experiment the area was included in a non-vulnerable zone. Thus, 210 kg N ha -1 year -1 was the advised upper threshold from N of organic origin. Later on, the area was included in a ''nitrate vulnerable zone'' and 170 kg N ha -1 year -1 was the new upper threshold when using livestock residues (Generalitat de Catalunya 2009b). In plots where PS was applied, the amount of 37.5 kg K ha -1 year -1 , as potassium sulphate (50 % K 2 O) was added because of the low K content of PS (Table S1) .
At sowing, the controls (0-0 DCM and 0-0 PS ) and the mineral N fertilizer treatments (0-MF DCM and 0-MF PS ) received phosphorus as calcium superphosphate (18 % P 2 O 5 ). The amount of P applied was equivalent to 34.9 kg P ha -1 year -1 in the DCM and PS experiments. They also received potassium as potassium sulphate (50 % K 2 O) at a rate equivalent to 120.8 kg K ha -1 year -1 . Plot size was 48 m 2 (6 m wide and 8 m long) in DCM trial and 30 m 2 (3 m wide and 10 m long) in the PS trial. The treatments in each trial were arranged according to a randomized block design with three replicates.
Sampling and analysis of manures and soil properties
Characteristics of the manures and the slurries applied Every cropping season, in the field, just before fertilizer application, a composite sample of PS and DCM from each trial was taken. The samples were analysed in the laboratory. The analytical methods used were gravimetric dry matter content at 105°C, organic matter by ignition at 550°C, organic nitrogen by the Kjeldahl method, ammonium nitrogen by distillation and titration according to methods 4500-NH 3 B-C ALPHA (2012). Total phosphorus and potassium were analysed by acid digestion (wet) and further determined using inductively coupled plasma atomic emission spectroscopy (USEPA 1992).
Soil porosity and pore-size distribution and shape in PS trial
In the PS trial, in order to study the effect of small amounts of OM additions on soil porosity ([25 lm) and pore shape, undisturbed soil was sampled on December 5th 2012 (*3 months after the last presowing fertilization). Treatments 0-MF PS , PS-0 and PS-MF PS were sampled. For each treatment, three undisturbed samples (0-10 cm depth) were obtained, one from each block. They were dried at room temperature and impregnated with polyester resin with a fluorescent dye (UviexÓ). One vertical thin section (5 cm wide 9 13 cm long) was made from each block. From each thin section, three fields 42.0 9 31.5 mm were selected for obtaining images, in three light conditions: parallel polarisers (PPL), crossed polarisers (XPL) and incident UV light. The latter was processed with ImageJ (Rasband 2008 ) to obtain digital binary images from which the total porosity, associated with pores with an apparent diameter (AD) [25 lm (the minimum threshold allowed by the procedure) was statistically analysed. Each image set was used to perform a pore-size distribution analysis based on an ''opening'' algorithm of mathematical morphology using the Quantim4 library (Vogel 2008) . The area occupied by pores was divided into four ranges according to the pores' AD: 25-65 lm; 65-100 lm, 100-200 lm, 200-400 lm, [400 lm. Images were analysed and four shape descriptors, defined in Ferreira and Rasband (2012) were determined: Circularity (Circ.), Aspect Ratio (AR), Roundness (Round) and Solidity (S).
Soil aggregate stability, organic matter fractionation and other chemical analysis
The preliminary results (5th December 2012 sampling) showed differences in soil porosity associated with PS addition. This fact justified a new sampling. Thus, soil was sampled after harvest (July 2013), and DCM extended treatments were included for aggregate stability and SOC fractionation.
Soil was sampled on July 23th of 2013 after cereal harvest (*9 months after last presowing fertilization with organics). Samples were taken from 0 to 10 cm depth for each treatment and each replication in the three field blocks. Selected treatments were: 0-0 DCM , 0-MF DCM ; DCM-0, and DCM-MF DCM from the DCM trial and 0-0 PS , 0-MF PS , PS-0, PS-MF PS from the PS trial (Table 2) .
In these samples, SOC fractionation and main chemical parameters (EC, pH, N, P, and K) were analyzed. In addition to this, two aggregate stability tests, named mean weight diameter (MWD) and water-stable aggregates (WSA), were applied. The first allowed aggregate-size distribution evaluation after a fast wetting. The MWD was obtained following Le Bissonnais (1990) and the further modification established by Amézqueta et al. (1996) . It was expressed in microns (lm) as the sum of four multiplications. Each multiplication was obtained as a product of the relative mass percentage of four size aggregate classes (\250 lm, C250 to 500 lm; C500 to 1000 lm; C1000 to 2000 lm) and the associated mean diameter of aggregates in each class (125, 375, 750 and 1500 lm).
In the second aggregate stability test, the WSA methodology followed Kemper and Rosenau (1986) with the exception of the initial gentle pre-wetting of aggregates which was avoided, as some authors recommend (Pulido-Moncada et al. 2013 ). In our case, it was avoided in order to focus on the slaking disaggregation effect which predominates under Mediterranean rainfed conditions. Four laboratory replicates were used for each sample and WSA was expressed as a mass percentage, discounting the mass associated with sand.
For each fertilization treatment, five soil density (light and heavy) and physical (\0.05 mm, C0.05-0.2 mm and C0.2-2 mm) fraction OM sizes were obtained according to the procedure NF X 31-516 established by AFNOR (2007) . The SOC from the light fraction was analysed following the total volatile solids (TVS) methodology. The oxidizable SOC from the heavy fraction was determined by dichromate oxidation and subsequent titration with ferrous ammonium sulphate (Yeomans and Bremner 1988) .
The other analysed chemical parameters were pH (potentiometry; 1:2.5 soil: distilled water), electrical conductivity at 25°C (1:5 soil:distilled water), available P (Olsen method) and available K (ammonium acetate 1N, pH = 7), following MAPA (1994).
Data analysis
All statistical analyses were performed using the SAS V8 (SAS Institute 1999-2001) statistical software. When differences, according to the analyses of variance (ANOVA), were considered significant (p \ 0.05), Duncan's Multiple Range Test (DMRT) was computed for comparing all possible pairs of means at the 0.05 probability level. Total porosity and pore shape data were normalized using square root transformation. Soil carbon fractions and aggregate stability results were an exception, for which a threshold of p \ 0.10 was adopted in ANOVA analyses. For regressions, fit was considered acceptable if the coefficient of determination (R 2 ) was 0.75 or higher.
Results and discussion
After 12 years with similar fertilization schedules, plant yields justified the use of manures (Table 2) , but the sidedressing with MF did not add a significant yield increase. The residual effects during the crop season, causes the savings in fertilizer sidedressing (Schröder et al. 2005) . The DCM trial attained better agronomic conditions than the PS trial, as is reflected by the high yields ([5.5 t ha -1 ) achieved in the DCM control without applied N (Table 2) .
Total porosity, size classes and shape parameters After 10 years of annual addition of PS, the soil samples obtained in December 2011 (*2-3 months after last application) did not show differences between MF and PS treatments in porosity associated with pores of apparent diameter higher than 0.25 lm (Table 3) . However, in the 65 and 400 lm range, porosity was significantly higher in PS treatments than in the MF one (Table 3 ). The opposite was detected for pores larger than 400 lm. Pagliai and Antisari (1993) found similar results with a higher PS addition (100-300 m 3 ha
). In their study, slurry resulted in increased porosity in the range of 50-500 lm compared with the control. The detected porosity changes in our experiment are relevant because pores in the range from 65 to 400 lm are transmission pores associate to aggregate packing. They are important for water flow during drainage, and moreover, they are the pores needed by roots to grow into (Greenland 1977) . The higher percentage of pores bigger than 400 lm in the MF treatment indicates the presence of small planar voids or fissures that separate larger aggregates.
As the addition the OM improves aggregate stability, as well as soil porosity (Pagliai and Antisari 1993; Pagliai et al. 2004 ), our findings on porosity suggest a potential effect of PS on aggregate stability despite the low OM addition. Thus, it was justified to go deeper , respectively, as calcium ammonium nitrate (27 %) at sidedressing; DCM and PS: dairy cattle manure and pig slurry applied just before sowing at an average rate of 22.5 or 47.3 t ha -1 , respectively # For yields, means followed by the same letter are not significantly different according to Duncan's Multiple Range Test (p = 0.05) into the potential influence of PS on physical properties such as aggregate stability. Shape parameters were not affected by fertilization treatments (Table S2 ).
Soil organic carbon fractions, soil aggregate stability and their relationships
After 12 years of annual DCM application, our results show a net increase of SOC by DCM addition (average increment value of 42 %) which equalled an increase of 4.5 g C kg -1 soil, when compared with the control and MF treatments (Table 4 ). The SOC light fraction at the 0.05-0.2 mm size was that most affected (p = 0.055; Table 4 ). In PS treatments, the SOC tend to increase although only the PS-0 treatment was significantly different from the mineral (0-MF PS ) treatment (Table 4) . These results can be explained by the low OM addition in PS compared with DCM (Table S1 and Table 2 ) and the fact that straw was removed in all treatments. Thus, in our PS experiment, the effect is due to direct C input by the slurry itself. We consider the indirect C input through increased net primary production (including roots and crop residues) stressed by different authors (Whalen and Chang 2002; Maillard and Angers 2014) to be less important.
The light fraction size of 0.2-0.05 mm represented between 36 and 42 % SOC in the DCM trial and between 23 and 29 % of the SOC in PS trial. This indicates that this fraction is an early indicator of SOC changes in soil (Leifeld and Kögel-Knabner 2005) . This higher significance on SOC changes after DCM application is consistent with the idea that its organic matter is more stable than that from PS (Velthof et al. 2000) . Also, due to the low C:N ratio of PS, the mineralization of its OM is faster. This makes it rather difficult to observe changes in the light fraction OM pool 9 months after PS application. Time of sampling is a factor in detecting changes in soil chemical composition, as stated by (Choudhary et al. 1996) , mainly because residues with low C:N ratio only have a temporary effect (Yagüe et al. 2012b) .
The resistance of aggregates against the slaking effect, assessed by means of WSA, was significantly improved in DCM treatments when comparing with that of mineral fertilization or the control (Table 5) . These results are in accordance with Paré et al. (1999) , who found that the application of DCM for a 3 year period resulted in the production of cementing agents. These agents stabilized aggregates against slaking forces independently of the tillage system (conventional tillage or no-tillage). In the pig slurry trial, differences were found when stability was evaluated by means of MWD. The MWDs tended to increase as the amount of applied N increased, independent of its origin (Table 5) .
The MWD was a better indicator of stability in PS trials than WSA because PS enhances the presence of aggregates in the intervals between 250 and 500 lm and from 500 to 1000 lm (Fig. 1) . Also because the addition of PS had a ''transient effect'' of cementing (Yagüe et al. 2012b ) which could be insufficient to maintain stability at the moment (9 months after incorporation) when a strong disruption over dry aggregates was applied (WSA procedure).
Different and positive linear relationships between WAS and SOC, SOC light fraction and SOC light fraction from 0.05 to 0.2 mm size were found (Fig. 2a-c) . In fact, total SOC is important for soil aggregation although it includes more specific active fractions which are those most directly involved in aggregation (Huang et al. 2010) . The light fraction of SOC has an important role in the formation and stability of soil structure, especially in the stabilization of soil macroaggregates (Kay 1998; Yagüe et al. 2012b ).
Changes in main chemical parameters
Dairy cattle manure, applied annually, increased soil salinity (with respect to the control) and P and K soil content (with respect to the control and MF), but there were no significant differences between treatments which included DCM (Table 6 ).
The phosphorus increase in DCM trials was 33.3-44.0 mg P kg soil -1 (equivalent to an annual accumulation of 2.8-3.7 mg P kg soil -1 ). The potassium increase was 130.0 and 187.9 mg K kg soil -1 (equivalent to an annual accumulation of 10.8-15.7 mg K kg soil -1 ). In the DCM plots, the maximum increment in average yields with respect to the control (5.5 t ha -1 ) was 2.1 t ha -1 . Thus, nutrient supply from soil was important and it can justify, in DCM plots, the increments in P and K soil content. This fact should alert us to the dangers of giving too much weight solely to N criteria in fertilization practices, and it implies that a more accurate fertilization management system must be found in order to avoid problems associated with an excess of macronutrients (P, K) in the near future. The introduction of leguminous crops or high P and K demanding crops could be an interesting means to reduce N and P excesses. Pig slurry applied just at sowing also increased P and K soil content. However, when combined with mineral fertilizer it only increased K soil content (Table 6 ) with respect to the control and the MF treatment. In PS plots, the P content increased from 14.9 to 30.2 mg P kg soil -1 (equivalent to an annual accumulation of 1.2-2.5 mg P kg soil -1 ). The potassium K increase was from 77.9 to 152.0 mg K kg soil -1 (equivalent to an annual accumulation of 6.5-12.7 mg K kg soil -1 ). In PS trials, the addition of P by PS (100 kg P ha -1 year -1 ) was higher than that applied in DCM (53 kg P ha -1 year -1 ). However, the final average figures of P soil content (Table 6 ) did not reflect this difference. These results could be explained by an enhancement of P absorption by plants. Furthermore, when PS was complemented with MF, P soil content tended to decrease in PS trials, probably because the ammonium N fraction of MF favoured, even more plant P absorption.
Phosphorus availability is a constraint in soils with a pH between 8.1 and 8.3, as it is easily fixed in calcium compounds. Besides, it is well known that the addition of ammonium-N in a fertilization formula enhances P absorption (Brewster et al. 1991) because it produces (Hinsinger 2001) . The pH decreases and P uptake by the crop is enhanced. Pig slurry addition, with an important ammonium-N content (Yagüe et al. 2012a) , could positively affect wheat uptake of P and, consequently, it can slow down P accumulation in soil. Furthermore, organic materials with high P and, low C/P ratios release more P (Gadgon and Simard 1999) , which can facilitate its availability. With respect to K addition, this was lower in slurry additions (83 kg K ha
) than in manure ones (205 kg K ha -1 year -1 ). After 12 years, in control (0-0 DCM ; 0-0 PS ) and mineral fertilizer (0-MF DCM ; 0-MF PS ) treatments, the addition of 34.5 and 120.8 kg K ha -1 year -1 did not affect the amounts of P and K in soil. This means that the P and K soil equilibrium was maintained. By contrast, the addition of DCM and PS increased the availability of these nutrients (Table 6 ).
Conclusions
Long-term (12-year) application of DCM (average rate of 23 t ha -1 year -1 ) gave a significant increase in soil organic carbon (4.5 g C kg -1 ), mainly in the light fraction. Aggregates which were water stable against slaking disrupting forces, increased with the addition of DCM (up to 16.4-18.3 %) when compared with control or mineral fertilizer plots (14.7-15.0 %). The effect of PS with respect to the previous parameters was not significant, probably because the effects of PS are more transient than those of DCM. The MDW test was in sufficiently accurate to allow detection of differences between fertilization treatments.
The light fraction of organic matter (0.05-0.2 mm size) was positively and linearly related with WSA (R 2 = 0.83; p \ 0.01). This fact indicates that changes in water stability of aggregates and organic matter fractions (i.e. light fraction particularly 0.05-0.2 mm) may serve as indicators of soil quality related to agricultural fertilization practices.
Porosity in the 65-400 lm size range was increased with the use of pig slurry, thus PS application will probably increase water flow.
The build-up of phosphorus and potassium in soil, when PS and DCM are applied following the N demand criteria, clearly deserves further attention and should be considered in fertilization management strategies. Recommendations need to include widening crop rotations (e.g. by the introduction of leguminous crops) or other fertilization managements within a rotation (e.g. biennial application of manures which can alternate with fertilization using N only, applied as mineral N at sidedressing, if required). Further research is needed to improve nutrient management Fig. 2 Relationship between a soil organic carbon (SOC), b SOC light fraction (0.05-2 mm); c SOC light fraction (0.05-0.2 mm) and water stable aggregatest (WSA; % w/w). Data from the dairy cattle manure and the pig slurry plots were included. Bars represent the standard error of four replicates (*p \ 0.05; **p \ 0.01) in a rotation concept from the agronomic and environmental aspects when using animal residues. , respectively, as calcium ammonium nitrate (27 %) at sidedressing; DCM and PS: dairy cattle manure and pig slurry applied just before sowing at an average rate of 22.5 or 47.3 t ha 
